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(57) ABSTRACT

There is provided a resource optimization method enabling
a stable live migration. An amount of generated traffic that
is anticipated to be generated is estimated based on the
number of subscribers to be processed by a SIP server on a
virtual machine (step S1). Since it is not necessary to
perform a live migration of the virtual machine when the
estimated amount of generated traffic is less than or equal to
an optimum value predetermined as throughput of physical
hardware on which the virtual machine operates (“Yes” in
step S2), monitoring of the number of number of subscribers
is continued by returning to step S1. Meanwhile, when the
estimated amount of generated traffic exceeds the optimum
value (“No” in step S2), an optimum physical hardware
which has a margin for processing the amount of generated
traffic is selected, and the virtual machine live-migrates to
the selected physical hardware (step S3).
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1
RESOURCE OPTIMIZATION METHOD, IP
NETWORK SYSTEM AND RESOURCE
OPTIMIZATION PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application of Inter-
national Application No.PCT/JP2012/004052 entitled
“RESOURCE OPTIMIZATION METHOD, IP NET-
WORKSYSTEM AND RESOURCE OPTIMIZATION
PROGRAM ,” filed on Jun. 22, 2012, which claims the
benefit of the priority of Japanese Patent Application No.
2011-200433, filed Sep. 14, 2011, the disclosures of each of
which are hereby incorporated by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a resource optimization
method, an IP (Internet Protocol) network system and a
resource optimization program.

BACKGROUND ART

Conventionally, in a case of optimizing resources of a
virtual machine, only the current state of resources is used
as disclosed in PTL 1: Japanese Unexamined Patent Appli-
cation Publication No. 2011-90537, “PROGRAM, APPA-
RATUS AND METHOD FOR CONTROLLING VIRTUAL
MACHINE MOVEMENT”, and there is merely provided a
function of optimizing the resources of the virtual machine
when the resources become very scarce. Such a mechanism
addresses the case only after the resources become scarce.
Therefore, there is a problem that it is not possible to
perform stable operations upon trying to provide services
intended for carriers and/or companies, which are required
to be provided in real-time like an IP network system such
as an IP telephone network.

Further, in a case of performing a live migration where the
virtual machine is migrated to a different physical hardware
without being stopped, a live-migration destination of the
virtual machine is selected only based on the current state of
resources. Thus, there is also a problem that even after the
live migration, traffic immediately increases at the live-
migration destination, which causes a situation where the
live migration is repeated, thereby leading to deterioration in
performance of the virtual machine or a rapid increase in
traffic.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publi-
cation No. 2011-90537 (pages 12 to 15)

SUMMARY OF INVENTION
Technical Problem

As mentioned above, the conventional method of opti-
mizing resources of a virtual machine is performed in
consideration of only the current state of resources. There-
fore, it is not possible to predict what a shortage of resources
will occur till the resources actually get scarce, and it is not
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2

expected that stable operations can be performed in the IP
network system like the IP telephone network where real-
time operations are required.

Moreover, as mentioned above, the conventional virtual
machine merely considers the current state of resources
upon selecting the live-migration destination, but it does not
consider traffic at the live-migration destination in the near
future. Therefore, there is a problem that the live migration
might occur frequently so that resources become scarce
immediately after the migration in a host serving as the
live-migration destination, and thus the live migration is
repeated. If the live migration is repeatedly performed in
such a manner, there is a possibility that the whole traffic will
be increased in the IP network system like the IP telephone
network where real-time operations are required, and that
throughput of the virtual machine will be effected.
(Exemplary Object of the Present Invention)

The present invention has been accomplished in view of
the above-mentioned problems, and an exemplary object of
the present invention is to provide a resource optimization
method enabling a stable live migration, an IP network
system adopting the resource optimization method, and a
resource optimization program enabling a computer to
execute the resource optimization method.

Solution to Problem

In order to solve the above-mentioned problems, a
resource optimization method, an IP network system and a
resource optimization program according to the present
invention mainly adopt the following characteristic configu-
rations.

(1) The resource optimization method according to the
present invention is a method of optimizing resources by
performing a live migration of a virtual machine that pro-
cesses communication calls in an IP network system. This
method includes: estimating an amount of generated traffic
that is anticipated to be generated, based on a number of
subscribers to be processed by the virtual machine; and
selecting, when the estimated amount of generated traffic
exceeds an optimum value predetermined as throughput of
physical hardware on which the virtual machine operates, an
optimum physical hardware that has a margin for processing
the amount of generated traffic, and live-migrating the
virtual machine to the selected physical hardware.

(2) The IP network system according to the present
invention is a system that optimizes resources by performing
a live migration of a virtual machine processing communi-
cation calls. This system includes traffic estimating function
means for estimating an amount of generated traffic that is
anticipated to be generated, based on a number of subscrib-
ers to be processed by the virtual machine. The traffic
estimating function means is configured to select, when the
estimated amount of generated traffic exceeds an optimum
value predetermined as throughput of physical hardware on
which the virtual machine operates, an optimum physical
hardware that has a margin for processing the amount of
generated traffic, and to instruct the virtual machine to
live-migrate to the selected physical hardware. The virtual
machine receives the instruction, and then performs a live
migration to the optimum physical hardware in accordance
with the instruction.

(3) The resource optimization program according to the
present invention implements at least the resource optimi-
zation method described in (1) as a program that can be
executed by a computer.
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Advantageous Effects of Invention

The resource optimization method, the IP network system
and the resource optimization program according to the
present invention can achieve the following advantageous
effects.

The first advantageous effect is that it is possible to
preliminarily predict an increase in traffic and to optimize
resources of a virtual machine, because an amount of
generated traffic in the future is predicted based on the
number of subscribers or a result obtained by actually
monitoring an amount of traffic.

The second advantageous effect is that it is possible to
select, as physical hardware serving as a live-migration
destination, physical hardware for which there is a low
probability of an increase in an amount of processed traffic
requiring another live migration in the future. This is
because it is possible to select an optimum physical hard-
ware that has a margin for a predicted value of traffic which
is derived from the number of subscribers or the result
obtained by actually monitoring the amount of traffic, and to
notify the virtual machine of the selected physical hardware
as the live-migration destination.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a system configuration diagram showing an
example of system configurations of an IP network system
according to the present invention; and

FIG. 2 is a flowchart for illustrating an example of
operations of the IP network system shown in FIG. 1.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a preferred exemplary embodiment of a
resource optimization method, an IP (Internet Protocol)
network system and a resource optimization program
according to the present invention will be described with
reference to the accompanying drawings. Note that in the
following description, the resource optimization method and
the IP network system according to the present invention are
described. However, it will be understood that the resource
optimization method may be implemented as a resource
optimization program which can be executed by a computer,
or the resource optimization program may be stored in a
computer readable storage medium.

(Features of the Present Invention)

Prior to describing the exemplary embodiment of the
present invention, a summary of features of the present
invention will firstly be described. The present invention
includes principal features such as using a function of
predicting traffic of a virtual machine in a system where
real-time operations are required like an IP network system
such as an IP telephone network, and optimizing resources
of the virtual machine based on a result obtained by pre-
dicting an amount of traffic generated in the future.

In the prediction of traffic in the virtual machine, when the
IP network system is applied to an IP telephone network
system, for example, an amount of traffic generated in the
future is estimated based on subscriber information accom-
modated in a SIP (Session Initiation Protocol) server on the
virtual machine. Since the amount of traffic generated in the
future increases when the number of subscribers increases,
it is determined whether or not the virtual machine can be
accommodated in the current physical hardware. When it is
determined that the virtual machine cannot be accommo-
dated therein, the virtual machine is live-migrated to a
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different physical hardware. Moreover, upon selecting a live
migration destination, a capability of processing traffic in
physical hardware serving as the live migration destination
is referred to. Physical hardware, in which the future amount
of traffic generated after an increase in the number of
subscribers does not exceed an optimum value predeter-
mined as an amount of traffic that can be processed, is
selected. A live migration to the selected physical hardware
is then performed.

Moreover, as a traffic estimating function unit, a function
of estimating a network bandwidth generated in the future,
i.e., the amount of generated traffic based on the number of
subscribers to be processed by the SIP server on the virtual
machine, or based on an amount of actually treated traffic, is
provided. Thus, it is possible to preliminarily predict an
amount of traffic generated in the future based on the number
of subscribers or a result obtained by monitoring an actual
change in the amount of traffic. Therefore, it is possible to
solve the conventional problem that it is not possible to
predict the probability of a shortage of resources occurring,
and thus it is not expected that stable operations as the IP
telephone network can be performed.

Further, the optimum physical hardware is preliminarily
selected as the live migration destination by using the
predicted value of traffic based on the number of subscribers
or the result obtained by actually monitoring the amount of
traffic, without treating only the current state of resources as
a criterion for determining the live migration destination.
Thus, it is possible to solve the situation where the live
migration is repeated, thereby leading to deterioration in
performance of a virtual machine or a rapid increase in
traffic. Therefore, it is also possible to solve the conventional
problem that resources immediately get scarce in a host
serving as the live-migration destination and thus the live
migration is repeated.

In other words, in the IP telephone network which is an
example of the IP network system according to the present
invention, the traffic estimating function unit constantly
monitors the number of subscribers in the SIP server on the
virtual machine, and performs the live migration of the
virtual machine when the amount of traffic, which is antici-
pated to be generated in the future based on the number of
subscribers, exceeds a predetermined reference value.

Furthermore, upon the live migration, the virtual machine
takes the predicted value of traffic in the migration destina-
tion into consideration to select the live migration destina-
tion. As a method for doing this selection, the traffic esti-
mating function unit receives from the virtual machine an
inquiry about the live migration destination. Then, the traffic
estimating function unit selects a host, i.e., physical hard-
ware having a margin for a capability of processing the
amount of traffic which is anticipated to be generated in the
future, and notifies the virtual machine of the selected host.
The virtual machine receives the notification, and then
performs the live migration in accordance with received
information on the host.

(Exemplary Embodiment of the Present Invention)

Next, the exemplary embodiment of the resource optimi-
zation method and the IP network system according to the
present invention will be described as an example. As
mentioned above, the resource optimization method accord-
ing to the present invention can also be applied to the IP
telephone network which is an example of the IP network
system according to the present invention. That is, in prepa-
ration for a case where a SIP server is arranged on a virtual
machine and the number of subscribers to be processed by
the SIP server on the virtual machine increases, an increase
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and a decrease in the number of subscribers are monitored
to constantly monitor whether or not traffic in physical
hardware, on which the virtual machine is mounted, is in an
optimum condition.

When it is determined that the traffic processed by the
physical hardware is not in the optimum condition, a live
migration is performed so that the virtual machine is
migrated to different physical hardware. Moreover, upon
performing the live migration in the present invention, the
virtual machine is migrated to a live migration destination
whose capability is optimum as physical hardware for
processing the predicted traffic value.

Such a resource optimization method and IP network
system can be applied to both an IP telephone network
system in a company and an IP telephone network system
provided by a communication carrier, and can also be
applied to a typical IP network system which includes, as
applications, not only phone calls but also communication
calls handling data, images and the like.

(Configuration Example of Exemplary Embodiment)

Next, an example of system configurations of the IP
network system according to the present invention will be
described in detail with reference to FIG. 1. FIG. 1 is a
system configuration diagram showing the example of sys-
tem configurations of the IP network system according to the
present invention, and is shown by taking as an example a
case of applying the IP network system to an IP telephone
network system.

An IP telephone network system shown in FIG. 1 is
configured to include at least physical hardware 10, a virtual
machine 11 operating on the physical hardware 10, a SIP
server 11a operating on the virtual machine 11 to materialize
an [P telephone system, a traffic estimating function unit 101
which estimates the future predicted value of traffic depend-
ing on the number of subscribers, a traffic monitoring device
12 monitoring actual traffic, a controlling function unit 103
controlling the traffic monitoring device 12, and a traffic
monitoring function unit 103 which constantly monitors
traffic in the virtual machine and outputs to the traffic
estimating function unit 101« result obtained by monitoring
as a criterion for estimating the traffic.

The traffic estimating function unit 101 estimates an
amount of traffic which is anticipated to be generated in the
future based on a result obtained by monitoring the number
of subscribers to be processed by the SIP server 11a on the
virtual machine 11, and thus constantly monitors whether or
not the estimated amount of traffic exceeds an optimum
capability that can be processed by the current physical
hardware 10 on which the virtual machine 11 operates.
When it is determined that the predicted amount of gener-
ated traffic exceeds the optimum capability of the current
physical hardware, i.e., an optimum value, the traffic esti-
mating function unit 101 instructs the virtual machine 11 to
perform a live migration in which the virtual machine 11 is
migrated from the current physical hardware 10 to different
physical hardware 10 without stopping operations of an
application processing IP phone calls and an OS.

The virtual machine 11 inquires of the traffic estimating
function unit 101 about physical hardware 10 serving as a
migration destination upon performing the live migration.
When the traffic estimating function unit 101 receives the
inquiry, the traffic estimating function unit 101 selects
physical hardware 10, in which an amount of processed
traffic becomes an optimum state, based on the future
amount of generated traffic estimated from the number of
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subscribers in the SIP server 1l1a, and returns the selected
physical hardware 10 to the virtual machine 11 serving as an
inquiry source.

The virtual machine 11 performs operations for live-
migrating to the physical hardware 10 selected as the live
migration destination, based on information returned from
the traffic estimating function unit 101. As a result, the
physical hardware 10 after the live migration is performed
can stably process traffic regarding IP phone calls handled
by the SIP server 1la on the virtual machine 11 in an
optimum state with leeway but without repeating any live
migration, because of taking into consideration the result
obtained by estimating the amount of traffic which is antici-
pated to be generated in the future depending on the number
of subscribers.

(Description Regarding Operations of Exemplary Embodi-
ment)

Next, an example of operations of the IP network system
shown in FIG. 1 will be described in detail by using a
flowchart shown in FIG. 2. FIG. 2 is the flowchart for
illustrating the example of operations of the IP network
system shown in FIG. 1, in which an IP telephone system is
applied as an example of the IP network system, and shows
an operation example of resource optimization that is per-
formed based on the predicted value of traffic linked to the
number of subscribers in the IP telephone system.

In the virtual machine 11 operating on the physical
hardware 10, the SIP server 11a which has functions for
materializing IP telephone services operates. The traffic
estimating function unit 101 constantly monitors the number
of subscribers in the SIP server 11a on the virtual machine
11, and thus monitors a traffic value which is anticipated to
be generated in the future linked to the number of subscrib-
ers (step S1). As a result obtained by monitoring the number
of subscribers, the traffic estimating function unit 101 checks
whether or not a traffic value, which is anticipated to be
generated in the future depending on the current number of
subscribers, exceeds an optimum value predetermined as
throughput of the physical hardware 10 on which the virtual
machine 11 currently operates (step S2). If it is determined
that the traffic value does not exceed the optimum value
(“Yes” in step S2), it is not necessary to perform a live
migration of the virtual machine 11. Therefore, the traffic
estimating function unit 101 returns to step S1 to continue
monitoring the number of subscribers in the SIP server 11a.

On the other hand, when it is determined that the traffic
value exceeds the optimum value (“No” in step S2), the
traffic estimating function unit 101 instructs the virtual
machine 11 to perform a live migration.

Upon performing the live migration, the virtual machine
11 inquires of the traffic estimating function unit 101 as to
which physical hardware 10 is the one having a margin for
traffic processing. When the traffic estimating function unit
101 receives the inquiry, the traffic estimating function unit
101 selects an optimum physical hardware 10 which has a
margin for processing the predicted value of traffic estimated
based on the number of subscribers in the SIP server 11a on
the virtual machine 11, and returns information indicating
the selected physical hardware 10 to the virtual machine 11
serving as a inquiry source. The virtual machine 11 perform
a live-migration to the physical hardware 10 selected at the
traffic estimating function unit 101, based on the information
returned from the traffic estimating function unit 101 (step
S3).

In this way, the live migration is performed for the
physical hardware 10 for which it has been preliminarily
checked as to whether it has, as the optimum physical
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hardware 10, the margin for processing the predicted value
of traffic estimated based on the number of subscribers in the
SIP server 11a. Therefore, after the live migration, the SIP
server 11a on the virtual machine 11 can stably and reliably
process traffic, and thus can stably operate.

Note that while there has been described the case where
the traffic estimating function unit 101 estimates the traffic
value based on the number of subscribers in the above-
mentioned exemplary embodiment, the present invention is
not limited to this case. For example, as a substitute for
predicting the future amount of generated traffic based on the
number of subscribers, the amount of traffic which is antici-
pated to be generated in the future may be estimated based
on a result obtained by monitoring the actual traffic, by use
of the traffic monitoring function unit 103 which constantly
monitors the actual traffic in the SIP server 11a on the virtual
machine 11.

Moreover, both the estimated value of traffic which is
anticipated to be generated in the future based on the number
of subscribers and the result which is obtained by the traffic
monitoring function unit 103 monitoring the actual traffic
may be used together. That is, by using the result which is
obtained by the traffic monitoring function unit 103 moni-
toring the actual traffic and based thereon, the traffic esti-
mating function unit 101 may determine whether or not the
estimated value of traffic which is anticipated to be gener-
ated in the future based on the number of subscribers has
been proper.

In this way, by using together both of the estimated value
of traffic which is anticipated to be generated in the future
based on the number of subscribers and the result which is
obtained by the traffic monitoring function unit 103 moni-
toring the actual traffic, when there is caused a wide gap that
is greater than or equal to a predetermined threshold
between the estimated value of traffic based on the number
of subscribers and the value of actual traffic obtained by the
traffic monitoring function unit 103, it means that there is
caused a substantial margin of error in the estimated value
of traffic based on the number of subscribers. By prompting
a maintainer to review settings on the estimated value of
traffic in accordance with the number of subscribers, it is
possible to realize further stable system administration.
(Description Regarding Advantageous Effects of Exemplary
Embodiment)

As described above, this exemplary embodiment can
achieve the following advantageous effects.

The first advantageous effect is that it is possible to
preliminarily predict an increase in traffic and to optimize
resources of the virtual machine 11, because the amount of
generated traffic in the future is predicted based on the
number of subscribers or the result obtained by actually
monitoring the amount of traffic.

The second advantageous effect is that it is possible to
select, as physical hardware serving as the live-migration
destination, the physical hardware 10 which has a low
probability of an increase in the amount of processed traffic
requiring another live migration in the future. This is
because it is possible to select, at the traffic estimating
function unit 101, the optimum physical hardware 10 that
has a margin for the predicted value of traffic which is
derived from the number of subscribers or the result
obtained by actually monitoring the amount of traffic, and to
notify the virtual machine 11 of the selected physical hard-
ware 10 as the live-migration destination.

While the present invention has been described as the
configurations of hardware in the above-mentioned exem-
plary embodiment, the invention is not limited to these
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configurations. In the present invention, arbitrary processing
can also be realized by causing a CPU (Central Processing
Unit) to execute a computer program.

The program can be stored and provided to a computer
using any type of non-transitory computer readable media.
Non-transitory computer readable media include any type of
tangible storage media. Examples of non-transitory com-
puter readable media include magnetic storage media (such
as floppy disks, magnetic tapes, hard disk drives, etc.),
optical magnetic storage media (e.g. magneto-optical disks),
CD-ROM (compact disc read only memory), CD-R (com-
pact disc recordable), CD-R/W (compact disc rewritable),
and semiconductor memories (such as mask ROM, PROM
(programmable ROM), EPROM (erasable PROM), flash
ROM, RAM (random access memory), etc.). The program
may be provided to a computer using any type of transitory
computer readable media. Examples of transitory computer
readable media include electric signals, optical signals, and
electromagnetic waves. Transitory computer readable media
can provide the program to a computer via a wired com-
munication line (e.g. electric wires, and optical fibers) or a
wireless communication line.

While the invention has been described with reference to
the exemplary embodiment, the invention is not limited to
this embodiment. It will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention.

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2011-200433,
filed on Sep. 14, 2011, the disclosure of which is incorpo-
rated herein in its entirety by reference.

REFERENCE SIGNS LIST

10 PHYSICAL HARDWARE

11 VIRTUAL MACHINE

11a SIP SERVER

12 TRAFFIC MONITORING DEVICE

101 TRAFFIC ESTIMATING FUNCTION UNIT
102 CONTROLLING FUNCTION UNIT

103 TRAFFIC MONITORING FUNCTION UNIT

The invention claimed is:

1. A resource optimization method, comprising:

estimating an amount of generated traffic that is antici-
pated to be generated, based on a number of subscribers
to be processed by a virtual machine;

selecting, when the estimated amount of generated traffic
exceeds an optimum value predetermined as through-
put of physical hardware on which the virtual machine
operates, an optimum physical hardware that has a
margin for processing the amount of generated traffic,
and live-migrating the virtual machine to the selected
physical hardware,

comparing a result obtained by monitoring actual traffic
with the amount of generated traffic estimated based on
the number of subscribers; and

performing, when there is caused a wide gap that is
greater than or equal to a predetermined threshold
between the result and the amount of generated traffic,
a notification to a maintainer to prompt a review of
settings on the amount of generated traffic estimated
based on the number of subscribers.

2. The resource optimization method according to claim

1, including:
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estimating the amount of generated traffic that is antici- compare a result obtained by monitoring actual traffic
pated to be generated, based on a result obtained by with the amount of gener.ated traffic estimated based
monitoring actual traffic as a substitute for the number on the number of.subscnbers, ?ﬂd )
of subscribers. perform, when there is caused a wide gap that is greater

than or equal to a predetermined threshold between
the result and the amount of generated traffic, a
. . notification to a maintainer to prompt a review of
wherein the IP net\york system comprises an IP telephone settings on the amount of generated traffic estimated
network system intended for IP phone calls, and a SIP based on the number of subscribers, and
(Session Initiation Protocol) server processing the IP o Wherein the instructions are configured to instruct the
phone calls is arranged on the virtual machine, virtual machine to perform a live migration to the

3. The resource optimization method according to claim 3
15

wherein the number of subscribers comprises a number of optimum physical hardware.
subscribers to be processed by the SIP server. 5. The IP network system according to claim 4,
4. An IP network system comprising: wherein the traffic estimating function processor executes
a memory containing program instructions; and s the instructions to estimate the amount of generated
a processor configured to execute the program instruc- traffic that is anticipated to be generated, based on a
tions to: result obtained by monitoring actual traffic as a substi-
estimate an amount of generated traffic that is antici- tute for the number of subscrll?er S. ) )
pated to be generated, based on a number of sub- 6. The IP .networ.k. system according to claim 4, Whereln
scribers to be processed by a virtual machine, 5 @ SIP (Session Initiation Protocol) server processing IP

phone calls is arranged on the virtual machine, and the
number of subscribers comprises a number of subscribers to
be processed by the SIP server.

7. A non-transitory computer readable medium storing a
resource optimization program, the program implementing
the resource optimization method according to claim 1 as a
program that can be executed by a computer.

select, when the estimated amount of generated traffic
exceeds an optimum value predetermined as
throughput of physical hardware on which the virtual
machine operates, an optimum physical hardware
that has a margin for processing the amount of s
generated traffic,

instruct the virtual machine to live-migrate to the
selected physical hardware, L



